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Methaemoglobinaemia can cause significant tissue hypoxia, leading to severe, potentially life-threatening clinical features and/or death.
Over recent years there have been increasing reports of methaemoglobinaemia related to recreational drug use. There have been 25
articles describing methaemoglobinaemia related to recreational use of volatile nitrites (poppers) and more recently, four reports of
methaemoglobinaemia in association with recreational cocaine use. In this article we discuss the mechanisms by which
methaemoglobinaemia occurs in relation to the use of both volatile nitrites and cocaine, and summarize the published cases of
recreational drug-related methaemoglobinaemia. The volatile nitrites can cause methaemoglobinaemia directly through their activity
as oxidizing agents. However, with cocaine, methaemoglobinaemia is related to adulterants such as local anaesthetics or phenacetin,
rather than to the cocaine itself. Clinicians managing patients with acute recreational drug toxicity should be aware of the potential for
methaemoglobinaemia in these patients, particularly in patients with cyanosis or unexplained low oxygen saturations on pulse
oximetry, and ensure that appropriate and timely management is provided, including, where appropriate, the use of methylthioninium

chloride (methylene blue).

Introduction

Recreational drug use is common worldwide and regularly
results in presentation to the emergency department with
acute toxicity. Classical ‘toxidromes’associated with various
classes of recreational drugs are recognized, but frequently
patients will present with symptoms and signs that do not
correlate with the direct action of the drug allegedly
ingested. One example of this is methaemoglobinaemia,
which has been recognized as a consequence of recre-
ational use of volatile nitrites since the late 1970s [1-24],
and more recently there have been case reports of meth-
aemoglobinaemia in individuals recreationally using
cocaine [25-28]. Unlike the case with nitrites, where the
methaemoglobinaemia is directly because of the oxidizing
effect of the nitrites, with cocaine, methaemoglobinaemia
is because of the adulterants, rather than the cocaine itself.

Methaemoglobin is formed by oxidation of the haem
molecule, from its reduced Fe?" (ferrous) state to an

oxidized Fe?* (ferric) state. Erythrocyte cytochrome b5-
MetHb reductase and nicotinamide adenine dinucleotide
phosphate (NADPH)-MetHb reductase are involved in
maintaining normal physiological concentrations of meth-
aemoglobin at approximately 1-2% [29]. Methaemoglobi-
naemia refers to the presence of elevated circulating
methaemoglobin within erythrocytes, which results in
reduced tissue oxygen via two mechanisms. Primarily,
methaemoglobin cannot bind oxygen resulting in a reduc-
tion in oxygen-carrying ability. Secondly, the presence of
methaemoglobin in the erythrocyte structurally alters hae-
moglobin such that unaffected haem molecules available
for oxygen transportation have an increased affinity for
oxygen which impairs oxygen off-loading to the tissues
[14].

Methaemoglobinaemia can either be congenital or
acquired. Congenital methaemoglobinaemia may be
because of structural abnormalities in the haemoglobin
molecule (haemoglobin M), or to metabolic problems such
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Table 1

Clinical findings in patients with methaemoglobinaemia

Methaemoglobin

concentration Clinical findings

1-3% None

3-15% Possibly none; pulse oximeter will read low oxygen
saturations

15-20% Cyanosis (central and peripheral); not improving with
oxygen administration

20-50% Dyspnoea, headache, fatigue, dizziness, syncope,
weakness

50-70% Tachypnoea, metabolic acidosis, dysrhythmias, seizures,
central nervous system depression, coma

>70% Grave hypoxic symptoms, death

as erythrocyte methaemoglobin reductase, pyruvate
kinase or glucose-6-phosphate dehydrogenase (G6PD)
deficiency [29]. Individuals with G6PD deficiency are at
increased risk of developing methaemoglobinaemia on
exposure to an oxidizing agent, due low levels of NADPH.
G6PD deficiency is more common in individuals of African,
Asian or Mediterranean descent. In these patients, anti-
dotal therapy with methylthioninium chloride is less effec-
tive and it may precipitate haemolysis [14].

More commonly, methaemoglobinaemia is an acquired
phenomenon, secondary to the oxidizing effects of exog-
enous substances [29]. Of particular relevance, to this
article, is the association of methaemoglobinaemia with
local anaesthetic agents and phenacetin [30-34].

The clinical effects of methaemoglobinaemia can be
predicted from the methaemoglobin concentration
(Table 1). However, patients with co-morbidities which
decrease oxygen transport or delivery (respiratory and/or
cardiovascular disease or anaemia) will develop significant
symptoms at lower methaemoglobin concentrations.

Pulse oximetry is inaccurate in patients with methae-
moglobinaemia, as the pulse oximeter reading is based on
the assumption that the only two varieties of haemoglobin
present are oxyhaemoglobin and deoxyhaemoglobin.
Generally, the pulse oximeter will transmit readings in the
region of 85%. Co-oximetry gives accurate concentrations
because of the ability to identify the absorptive character-
istics of several haemoglobin species at different wave-
lengths including methaemoglobin [35]. It is important
that blood samples are analysed promptly, as methaemo-
globin concentrations decrease with time.

Mild cases of methaemoglobinaemia are unlikely to
require any treatment other than administration of oxygen
and removal from exposure to the causative agent. Reduc-
tion back to the ferrous state will occur via the normal
physiological mechanisms present in the erythrocyte [29].
Methylthioninium chloride (methylene blue) is the treat-
ment of choice for patients with symptomatic methaemo-

Recreational drug-related methaemoglobinaemia BJCP

globinaemia. It acts as a substrate for NADPH-MetHb
reductase, resulting in the formation of reduced methylth-
ioninium chloride which acts as an electron donor to
reduce Fe** back to Fe*. The recommended dose is
1-2mg kg™, which may be repeated if necessary. More
detailed information on the treatment of methaemoglobi-
naemia can be found in recent review articles by Bradberry
et al. [36] and do Nascimento et al. [37].

This review article will focus on acquired methaemo-
globinaemia related to recreational drug use. We will sum-
marize the published cases of recreational drug-related
methaemoglobinaemia, both as a direct consequence of
the drugs used and from the adulterants in recreational
drugs.

Search strategy

Medline, EMBASE, CINAHL and Psychinfo were searched
utilizing the search terms methaemoglobinaemia OR
methemoglobinemia AND nitrites OR isobutyl nitrite OR
butyl nitrite OR amyl nitrite OR cocaine OR recreational
drugs.Twenty-nine articles were identified detailing meth-
aemoglobinaemia as a result of recreational drug use. Full-
text was not available for two of these papers [12, 20]. It
appears that one of the nitrite fatalities has been reported
both as a single-case report [22] and in a series of isobutyl
nitrite methaemoglobinaemias [8].

Volatile nitrite-related
methaemoglobinaemia

The volatile nitrites are aliphatic esters of nitrous acid.They
are highly volatile, sweet-smelling liquids normally admin-
istered by nasal inhalation. Their vasodilatory effects were
first described in 1859 and subsequently, they were used in
the treatment of angina from 1867. During the 1960s
nitrates replaced their use in the treatment of angina and
abuse of nitrites became widespread. They were legally
marketed as ‘room odorizers’ and attained their colloquial
name of ‘poppers’ from the noise made when the glass
vials were crushed inside a tissue, prior to inhalation. They
remain widely available and are often sold in men who
have sex with men (gay) clubs, sex shops and in head
shops. They are sold in small glass bottles containing
10-30 ml, under a variety of trade names including ‘Rush;
‘Liquid Gold’ and ‘TNT' [38]. Volatile nitrites are not classi-
fied under the UK Misuse of Drugs Act (1971). However,
amyl nitrite is classified as a ‘prescription only medicine’
and as isobutyl nitrite is recognized as a Class 2 carcinogen,
it is controlled under the UK Dangerous Substances and
Preparations (Safety) Regulations 2006 [39].

Recent surveys suggest that nitrites are also popular
among young adults and teenagers who participate in the
dance scene.The 2009 Mixmag Drug Survey reported that
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68.7% of readers had reported having ever used poppers
[40].The British Crime Survey 2009/2010 reported that life-
time use of poppers in the general population was signifi-
cantly lower at 9.5% [41]. Similarly, recent use rates (within
the last month) were significantly higher in clubbers
(15.1%) compared with the general population (0.4%). In
addition, the use of nitrites is popularamong men who have
sex with men, due their aphrodisiac and vasodilatory prop-
erties. They are inhaled either during foreplay to obtain a
high and produce relaxation of the anal sphincter, or just
preceding orgasm to prolong climax. Poppers have also
been inhaled by dipping cigarettes into the liquid.Because
of the high flammability of nitrites, inadvertent lighting of
these cigarettes at a later time, risks severe burns.

Oral ingestion of nitrites is associated with a higher risk
of toxicity, particularly the development of methaemoglo-
binaemia. Other commonly reported unwanted effects
include palpitations, headache, visual disturbance, flush-
ing, dizziness, nausea and syncope, which are thought to
be related to vasodilatation and reflex tachycardia. In
addition to acting as vasodilators, the volatile nitrites are
recognized to cause oxidation of haemoglobin to methae-
moglobin, and following prolonged exposure individuals
may develop clinically significant methaemoglobinaemia.

The first published case of methaemoglobinaemia, as a
result of recreational use of nitrites was published in 1979.
Horne et al. [1] described the case of a 25-year-old man
who presented to the emergency department, complain-
ing of ‘greyish complexion’ which had developed following
inhalation of butyl nitrite. He was found to have a methae-
moglobin concentration of 18%.

Subsequent to this, there have been 25 reports of
methaemoglobinaemia secondary to inhalation and/or
ingestion of volatile nitrites, with methaemoglobin con-
centrations of between 17.8% and 94% [2-21]. The major-
ity of these cases survived, and a proportion were treated
with methylthioninium chloride.The cases where the indi-
vidual survived are summarized in Table 2 [1-21] and the
three reported deaths are discussed in more detail later in
this article [22-24]. For the interest of the reader, we have
discussed three of the non-fatal cases in more detail below.

The highest recorded methaemoglobin concentration
(94%) in nitrite-related methaemoglobinaemia occurred in
a 44-year-old man who was found unconscious and
cyanosed in the steam room of a bath house [3].There was
a history of ingestion of ‘large’amounts of amyl nitrite and
an empty bottle was found adjacent to the patient. On
arrival of the paramedics, the patient was hypoventilating,
hypotensive and unresponsive to pain. The patient was
intubated by paramedics and ventilated with 100%
oxygen. Despite supplemental high-flow oxygen and a
normal chest examination, the patient remained pro-
foundly cyanosed. Twelve minutes following arrival in the
emergency department, the patient suffered a bradycardic
cardiorespiratory arrest. This responded to 2 mg of epi-
nephrine and 30 s of cardiopulmonary resuscitation. Arte-
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rial blood gas analysis showed a methaemoglobin
concentration of 94%, and metabolic acidosis (pH 7.17,
pCO, 39 mmHg, bicarbonate 14 mmol |, base excess
—14 mmol I"). He was administered 80 mg (1 mg kg™') of
methylthioninium chloride i.v. over 10 min. Within 20 min,
the patient’s colour had improved and there was evidence
of spontaneous respiration. A repeat methaemoglobin
concentration was 26%. A second dose of methylthion-
inium chloride was administered (100 mg i.v.) with 50 ml of
8.4% sodium bicarbonate for persistent metabolic acido-
sis. Despite the extremely high methaemoglobin concen-
tration, there was a good outcome in this case.The patient
was extubated within 24 h of admission, and left hospital
with no sequelae.

In a further reportin 1992, a 29-year-old man presented
to the emergency department, following inhalation of
amyl nitrite [4]. He was normotensive, tachycardic (112
beats min™') with a normal respiratory rate but was noted
to have circumoral cyanosis and a pulse oximeter reading
of 56%. Methaemoglobin concentration was 61%. Meth-
ylthioninium chloride (100 mg) was administered i.v.
Within 45 min of methylthioninium chloride administra-
tion, the patient’s non-invasive oxygen saturation had
increased to 98%.The patient survived and was discharged
uneventfully. This case is unusual with respect to the pulse
oximetry reading of 61%. Generally, it is recognized that
patients with methaemoglobinaemia will have pulse oxim-
etry readings in the region of 80-85%.

In a further report, a 35-year-old woman presented to
the emergency department, following ingestion of alcohol
and inhalation of isobutyl nitrite [5]. On arrival, she had a
GCS 4/15, BP of 86/37 mmHg, heart rate of 66 beats min™
and was ‘deeply cyanosed’ She was intubated and venti-
lated with 100% oxygen. Arterial blood co-oximetry
yielded a methaemoglobin concentration of 75.2% and
she was administered 3 mg kg™ of i.v. methylthioninium
chloride, leading to an improvement in conscious level and
cyanosis. Methaemoglobin concentration repeated at
30 min after methylthioninium chloride administration
was 34.3%. Subsequently, the patient received hyperbaric
oxygen treatment for 1 h, following which the methaemo-
globin concentration reduced to 2.2%. There are several
reports [7,42,43] in the literature of the successful use of
hyperbaric oxygen in the treatment of methaemoglobin-
aemia, either used alone or used in conjunction with meth-
ythioninium chloride. Hyperbaric oxygen will reduce the
methahaemoglobin concentration at a rate of approxi-
mately 8% per hour. There are limitations to using hyper-
baric oxygen in the UK, because of limited availability. The
success of methylthioninium chloride in treating the
majority of cases, coupled with widespread availability and
ease of administration, means that it currently remains the
treatment of choice. However, hyperbaric oxygen remains
a possible treatment modality, particular in patients who
do not respond to therapeutic doses of methylthioninium
chloride.
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Fatalities occurring in patients with
nitrite-related methaemoglobinaemia

Three case reports were identified of fatalities in individu-
als believed to have been using volatile nitrites recreation-
ally [22-24].

The first of these was a 30-year-old Black man who was
brought to the emergency department by police having
been found collapsed outside a discotheque [22].The only
history available was that he had been seen earlier in the
evening by an employee, in the toilet, with a brown bottle.
On arrival he was combative and speaking incoherently.He
was hypotensive (78/50 mmHg), tachycardic (126 beats
min~') and profoundly cyanosed but peripherally warm. In
the hour following admission he deteriorated, and devel-
oped a sinus bradycardia followed by an asystolic cardiac
arrest, unresponsive to treatment with atropine, calcium
chloride and a vasopressor infusion. During resuscitation
the diagnosis of methaemoglobinaemia was suspected,
because of the dark colour of his blood samples, and he
was administered 20 mg of i.v. methylthioninium chloride.
Resuscitation attempts were unsuccessful. Toxicological
studies at post-mortem showed a blood methaemoglobin
concentration of 38% and gastric contents with a nitrite
concentration of 90%, consistent with oral ingestion of
isobutyl nitrite. It appears from the case report that the
diagnosis of methaemoglobinaemia was only entertained
postcardiac arrest. Methylthioninium chloride was admin-
istered, but at a sub-therapeutic dose. A dose of 2 mg kg™’
of methylthioninium would be required initially, with
repeat doses administered, based on therapeutic reponse,
if measurement of methaemoglobin concentrations was
not possible.

The second case involved a 23-year-old Black man who
was brought by police officers to an emergency depart-
ment having allegedly inhaled isobutyl nitrite on the
morning he was due to appear in court [23]. On arrival at
hospital the patient was unconscious. The emergency
department physician noted an odour like ‘antifreeze’
Documentation of resuscitation attempts were not
included in the report. Methaemoglobinaemia was
not considered and methylthioninium chloride was not
administered.The patient died 2 h after presentation. Post-
mortem analysis of blood showed a methaemoglobin con-
centration of 95%. This case is unusual as the patient
developed severe methaemoglobinaemia after suspected
inhalation of a volatile nitrite and this appeared to be of
delayed onset.

Because of the ethnicity of the patients detailed above,
glucose-6-phosphate dehydrogenase (G6PD) deficiency is
a possibility that would result in greater susceptibility to
the oxidizing effects of a volatile nitrite. Neither patient
was tested for G6PD deficiency.

The final fatality was a 69-year-old man who died fol-
lowing approximately 20 min of inhalation of isobutyl
nitrite, during a sexual act [24]. He was noted to have
sudden difficulty in breathing, followed by cardiac arrest
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and died within minutes. Post-mortem concentrations of
methaemoglobin, were found to be 23%. The authors
believed that the patient died as a result of hypoxia, sec-
ondary to isobutyl nitrite-induced methaemoglobinaemia.
The case report acknowledges that the deceased had a
significant cardiac history. At post-mortem the deceased
was found to have severe triple vessel coronary disease.
There was no evidence of recent myocardial event, stroke
or other cause of death elicited at post-mortem.The pres-
ence of cardiac disease would significantly increase the risk
of cardiac arrhythmia in response to high concentrations
of methaemoglobinaemia and associated hypoxia. In
view of the rapidity with which symptoms presented, it is
more likely that the cause of death was a result of cardiac
arrhythmia. It is also recognized that recreational users of
volatile nitrites, frequently use other recreational drugs,
which may in themselves increase the risk of arrhythmias.

Cocaine-associated
methaemoglobinaemia

Cocaine itself and its metabolites are not recognized to
cause methaemoglobinaemia. However, there are reports,
discussed below in more detail, of adulterants added to
cocaine that are associated with methaemoglobinaemia
[25-28]. An adulterant is a pharmacologically active sub-
stance added to a recreational drug. These are sometimes
chosen to mimic some of the effects of the drug and give
the impression of high quality and purity but in other
instances there appears to be no obvious reason for their
use. They are distinguishable from diluents or cutting
agents, such as sugar, mannitol or lactose, which are typi-
cally inert [44]. Local anaesthetics are commonly used as
adulterants in cocaine, as they share the ‘numbing proper-
ties’ that people associate with ‘good-quality cocaine’ and
therefore it is less easy for users to suspect their presence.
There is often no apparent reason for the use of other
adulterant substances, such as phenacetin, which do not
mimic the effects of cocaine and potentially are expensive.
Both adulterants and dilutents/cutting agents are added
to cocaine and other recreational drugs to increase artifi-
cially the weight of powder being sold and so increase the
profit margin for dealers.

Data from United Nations Office on Drugs and Crime,
published in 2009, reported a reduction in cocaine produc-
tion of 15% from the previous year, to 845 metric tonnes
[45]. Cocaine at the time of exportation from the growing/
production areas tends to be of high purity (>95%);
however, ‘street-level purity is generally significantly lower
than this.The average purity of cocaine at street level in the
UK is estimated to be approximately 33% by European
Monitoring Centre for Drugs and Drug Addiction and typi-
cally lower than 20% by the Serious Organized Crime
Agency. In some areas seizures of cocaine in the UK have
had purity as low as 5% [46-47].The potential effect of the



reduced purity levels of cocaine is that individuals are
repeatedly re-dosing or using greater amounts to achieve
the desired ‘high;, which will increase their exposure to the
adulterants within the ‘cocaine’

Toxicological analysis of seized drugs provides qualita-
tive information on the adulterants present in the‘cocaine’;
quantitative analysis to determine the proportion of
cocaine and the adulterants present is not typically under-
taken. Information on the frequency of different adulter-
ants found in cocaine is available from a number of
different sources. Analysis of seizures from law enforce-
ment agencies can provide information on the frequency
of adulterants in cocaine entering a country and/or before
it reaches street level. A study in Italy found that the com-
monest adulterant in cocaine seized by police in Rome in
both 1996 and 1997 was lidocaine (present in 16.5% and
12.3% of seizures respectively) [48]. Similarly, analysis of
seized cocaine in the UK in 1995 demonstrated that the
local anaesthetics lidocaine, procaine and benzocaine
were among the most common adulterants detected [49].
In the Italian cocaine analysis, phenacetin was not
detected in any seizures in 1996, but was present in 6.1% of
seizures in 1997 [48]. There is no information in this study
on the relative concentration of phenacetin or lidocaine in
the seizures.In one case report of a fatality in a body packer
with acute cocaine toxicity secondary to rupture of a
cocaine-containing package, toxicological analysis of the
packages post-mortem demonstrated the presence of
phenacetin at a concentration of 30% [50]. The analysis of
‘street-level’ drugs provides an indication of the frequency
of adulterants in drugs actually being used recreationally.
In the UK analysis of drugs, discarded by individuals or
seized by club security staff and collected in amnesty bins
within nightclubs in London and Manchester in 2008,
showed the presence of phenacetin in 29% and 8% of
cocaine samples respectively [51].In the Netherlands, indi-
viduals are able to have recreational drugs analysed
anonymously through the Dutch Drugs Information
Network (DIMS), which also provides information to public
health services on the purity and range of adulterants in a
number of recreational drugs, including cocaine. Through
the DIMS project, it has been shown that the frequency of
cocaine samples containing phenacetin has increased
from 1.6% in 1997 to 40.6% in 2007 [52].

The local anaesthetics, particularly benzocaine,
prilocaine and cetacaine (a combination of benzocaine,
tetracaine and aminobenzoate), are well-recognized
causes of methaemoglobinaemia [30-34]. Prilocaine is
metabolized to ortho-toluidine which is an oxidizing
agent. It is also likely that benzocaine metabolites are
responsible for benzocaine-related methaemoglobin-
aemia as benzoic esters are hydrolyzed by a mechanism
similar to anilides to form oxidizing metabolites [29].

The association between phenacetin and the develop-
ment of methaemoglobinaemia appears to be related to
the n-hydroxyphenacetin and p-phenetidine metabolites
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rather than phenacetin itself. There have been several
reports in the medical literature of methaemoglobinaemia
associated with the therapeutic use of phenacetin [53-56].
In the majority of these cases, there is limited clinical infor-
mation to determine whether the development of meth-
aemoglobin is solely because of the normal physiological
production of phenacetin metabolites or whether it relates
to their accumulation because of other underlying medical
conditions such as renal failure. It appears that the degree
of methaemoglobinaemia induced in those exposed to
phenacetin varies. In those thought to be ‘susceptible’
because of altered phenacetin metabolism and/or
reduced renal elimination of phenacetin and its major
metabolites, a single dose of 30-mg kg™ phenacetin lead
to an increase of methaemoglobin concentration from
0.2% to 11.4%. In healthy controls the increase seen was
from 0.7% to 1.8% [55].

There have been a few cases reported in the medical
literature of recreational use of cocaine associated with the
development of methaemoglobinaemia, which are likely
to be related to either local anaesthetics or phenacetin
being used as adulterants in the cocaine [25-28]. These
cases are briefly summarized below, including, where avail-
able, the results of toxicological screening. It should be
noted that often in these case reports, it is not possible to
determine the extent of the toxicological screening that
has been undertaken. It is possible that, where one adul-
terant is detected that is known to be associated with
methaemoglobinaemia, the sample may not have been
analysed further to determine if there were any other adul-
terants present that may also be associated with methae-
moglobinaemia. Finally, the lack of numerous case reports
in the published literature of methaemoglobinaemia asso-
ciated with the recreational use of cocaine does not nec-
essarily mean that this is an uncommon complication of
cocaine use. There is the potential of publication bias as
this is an already reported phenomenon, as well as the fact
that treating clinicians may mis-attribute the methaemo-
globinaemia to an already known adulterant or to the
co-use of another agent such as‘poppers’ (volatile nitrites)
and therefore decide that there is no indication to under-
take toxicological analysis with a view to publication.

The first case of cocaine-related methaemoglobin-
aemia reported in the medical literature was in 1992 [25]. A
27-year-old man presented to an emergency department
with tonic—clonic seizures and severe cyanosis following
use of a large quantity of street cocaine. Clinical param-
eters on admission were consistent with acute intoxication
(blood pressure 220/130 mmHg, heart rate 130 beats min™
and temperature 38.3°C).Following intubation for ongoing
seizures unresponsive to benzodiazepines, an arterial
blood gas demonstrated a metabolic acidosis and a meth-
aemoglobin concentration of 37%.He was treated with i.v.
methylthioninium chloride (1 mg kg™') and his methaemo-
globin concentration had fallen to 15% 1 h following treat-
ment. He made a full recovery and self-discharged from
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hospital 6 days later. Toxicological analysis by gas-
chromatography mass-spectrometry of a urine sample
confirmed the presented of benzocaine, norcocaine and
cocaine. Additional analysis of the ‘cutting powder’ used
confirmed that this was benzocaine. The authors did not
report whether phenacetin was screened for in either the
biological samples or the cutting powder.

A 34-year-old man with a history of epilepsy attended a
UK emergency department, under police escort, having
been witnessed to ingest orally a packet of white powder.
One hour postingestion, the patient developed repeated
generalized seizures, with a persistent ‘blue skin discolora-
tion'[26].The patient was intubated and ventilated. Arterial
blood gas analysis revealed PaO, 65.1 kPa with a calculated
oxygen saturation of 82.5%; on the basis of these results
and the dark colour of the blood sample, a methaemoglo-
bin concentration was measured at 13.8%. The patient did
not receive treatment with methylthioninium chloride as
the methaemoglobin concentration was below 20%. Sub-
sequent urine toxicological screening identified cocaine,as
well the adulterants lidocaine and benzocaine. Phenytoin
was also detected, although this is probably from thera-
peutic use in the emergency department. The authors
attributed the seizures to methaemoglobinaemia-related
hypoxaemia reducing the seizure threshold in a patient
with known epilepsy.

There is one published case where phenacetin, in
addition to local anaesthetics, was detected in a patient
presenting with acute cocaine toxicity and methaemoglo-
binaemia [28]. A 24-year-old woman suffered a pre-
hospital cardiac arrest following the use of cocaine and
ethanol.Return of spontaneous circulation was achieved in
the pre-hospital environment.On arrival in the emergency
department, an arterial blood gas demonstrated a pro-
found metabolic acidosis and a methaemoglobin concen-
tration of 24%. She received an i.v. bolus of 90 mg of
methylthioninium chloride.Despite meticulous supportive
care, she developed hyper-pyrexia and associated rhab-
domyolysis and died 2 days following admission to hospi-
tal. Post-mortem toxicological analysis detected the
presence of cocaine and benzoylecgnoine, as well as
the presence of a number of adulterants (benzocaine,
lidocaine, levamisole and phenacetin).

There is one final case of cocaine-related methaemo-
globinaemia from Ireland, although there is no toxicologi-
cal screening to confirm which, if any adulterants, may
have been responsible for the development of the meth-
aemoglobinaemia [27]. A 24-year-old man used 12 lines of
cocaine over a 48-h period,and then presented to an emer-
gency department in Dublin having awoken the following
morning and noticing that his face was blue. Oxygen satu-
rations on finger-probe pulse oximetry were 84% and
co-oximeter analysis of a arterial blood gas sample showed
a methaemoglobin concentration of 28% (pH 7.39, pCO;
5.82kPa, pO, 28.7kPa, bicarbonate 26 mmoll"' and
oxygen saturations of 97%). A diagnosis of cocaine-
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induced methaemoglobinaemia was made and treatment
with i.v. methylthioninium chloride commenced. The
patient made a full and uneventful recovery. Unfortunately
as already noted, there was no confirmatory toxicological
analysis undertaken to confirm whether this methaemo-
globinaemia was related to use of local anaesthetics or
phenacetin as adulterants in the cocaine.

Conclusion

Methaemoglobinaemia can result in severe, potentially
life-threatening clinical features because of tissue hypoxia.
Methaemoglobinaemia can occur in individuals using rec-
reational drugs either directly because of the oxidizing
effect of the drugs (e.g. volatile nitrites) or related to adul-
terants in recreational drugs (e.g. local anaesthetics or
phenacetin in cocaine). Poly-drug use is common in recre-
ational drug users and the use of two or more agents with
the potential to cause methaemoglobinaemia may
increase the risk of it developing in recreational drug users.
This is particularly important in the context of cocaine use,
as street cocaine in Europe and North America commonly
contains both phenacetin and local anaesthetics as adul-
terants.

Clinicians managing patients with acute recreational
drug toxicity should be aware of the potential for methae-
moglobinaemia in these patients, particularly in patients
with cyanosis or unexplained low oxygen saturations on
pulse oximetry.
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